The flexibilities of ovalbumin and lysozyme, detected by the protease-probe method, were monitored during heat-denaturation. The flexibilities of these proteins increased in the heating temperature region wherethe structural changes were too small to detect by other optical methods, such as surface hydrophobicity measurement. To evaluate the relationship between the structural and functional properties (foaming and emulsifying properties), the thermal denaturation curves for the flexibility and surface hydrophobicity were compared with those for the foaming power and emulsifying activity of ovalbumin and lysozyme. The thermal transition points of the foaming power closely corresponded to those of the flexibility of ovalbumin and lysozyme. On the other hand, the thermal transition points of the emulsifying activity corresponded to those of the surface hydrophobicity of ovalbumin and lysozyme. Thus, it was suggested that the flexibility of proteins may be a main governing factor for the foaming property and that the surface hydrophobicity of proteins maybe a main governing factor for the emulsifying property.
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Imoto et al. reported that the amonts of proteins in the D state in the N^±Dtransition could be detected by the protease digestion method, although it was impossible to detect them by routine optical methods. Uenoand Harrington2) also have recently reported that proteolytic enzymes can be used to probe the structural changes due to the flexibility of myosin and that the enzyme-probe method is useful for detecting a slight structural change that would be difficult or impossible to monitor by other physical methods. The flexibility of proteins may be presumed to increase in the heating temperature region where structural changes are too small to detect by routine optical methods. This can be confirmed by monitoring the flexibility detected by the protease digestion method during heating. In this paper, we report a significant difference in the thermal denaturation curves for the flexibility and surface hydrophobicity of ovalbumin and lysozyme and discuss the relationship between structural and functional properties of heat-denatured ovalbumin and lysozyme.
MATERIALS AND METHODS
Ovalbumin and lysozyme were prepared from fresh egg white by the methods described in a previous paper,4) 5 ml of 0.1% protein solutions in 1/15m phosphate buffer, pH 7.4, were heated in an incubator at the rate of 2°C/min from 30°C to a given temperature, and then immediately cooled to roomtemperature. Protease digestion was carried out as follows. The surface hydrophobicity of proteins was determined by the method described previously.4) Ten microliters of an ethanolic solution of cw-parinaric acid, 3.6 x 10~3 m, was added to 2 ml of the protein solution. The mixture was excited at 325nmand the relative fluorescence intensity was measured at 420nm. The initial slope (So), fluorescence intensity/% protein, was calculated from the fluorescence intensity vs. protein concentration.
The foaming power of proteins was determined by measuring the electric conductivity of foams whenair was introduced into 5ml of 0.1% protein solutions in 1/15m phosphate buffer, pH 7.4, in a glass filter (G-4) at a constant flow rate, 90cm3/min, for 15sec.5) Foaming power was expressed as the conductivity of foams produced immediately after air was introduced into protein solutions for 15 sec. The emulsifying activity of proteins was determined by the method of Pearce and kinsella.6) To prepare emulsion, Therefore, there are big differences in the transition points determined from the denaturation curves for surface hydrophobicity and digestion velocity of ovalbumin and lysozyme (Table I ). The transition points determined from the curves for surface hydrophobicity and digestion velocity of ovalbumin were 76°C and 70°C, respectively.
Those of lysozyme for the N^Dtransition in native proteins is in the range of about 10"5 to 10~6. Even if the KDvalue increases in the range of 10"2 to 10~3 under mild heating conditions, the amounts of proteins in the D state are less than 1%. Therefore, the shift is hardly detectable by optical methods. This is possible to detect by the protease-probe method. The shift to a lower temperature region of the curve for digestion velocity of ovalbumin and lysozyme during heating may reflect increases in the equilibrium constant for the N^±D transition.
Since protease digestion was carried out at 38°C, the flexibility of proteins seems to remain in part after cooling to 38°C. It is probable that the restoration of the flexibility in ovalbumin may be slower than that in lysozyme. This is the reason why the shift of the curve for digestion velocity for ovalbumin was greater than that for lysozyme. The flexibility of proteins can be proteins closely corresponded to the flexibility and surface hydrophobicity curves, respectively. In addition, the transition points of foaming power for ovalbumin and lysozyme were 71°C and 79°C, respectively, being close to those of the flexibility of proteins (Table I) .
On the other hand, the transition points of emulsifying activity for ovalbumin and lysozyme were 74°C and 82°C, respectively, being close to those of the surface hydrophobicity of proteins (Table I) . Thus, it is probable that the flexibility ofproteins may be a main governing factor for the foaming power and that the surface hydrophobicity of proteins may be a main governing factor for the emulsifying activity. This was confirmed by determining the correlation coefficients (Table II) . It is apparent that the foaming power is correlated more closely with the digestion velocity than with the surface hydrophobicity, and the emulsifying activity is correlated more closely with the surface hydrophobicity than with the digestion velocity for heat-denatured ovalbumin and lysozyme.
Wehave reported in a previous paper3} that the flexibility detected by the protease digestion method maybe an important factor for the foaming and emulsifying properties of native and acetylated proteins. However, as shown in this paper, the foaming power of proteins may be closely correlated with the flexibility, although the emulsifying activity may be correlated with the flexibility. Thus, as shown in a previous paper,3) the flexibility of proteins was confirmed to be an important factor governing the functional properties, especially the foaming property.
